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FOREWORD 

It is (he f) impose of this bulletin to 
summarize the part light is already 
playing in the service of aviation and 
to call attention to requirements of 
airport lighting that are likely to he 
encountered in the future, While some 
of the suggestions may appear too 
ambitious for the present, they are pre- 
sented with the thought of meeting future 
requirements with a minimum of 
expense over a reasonable period of time. 
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service of air mail. The municipalities have been so suddenly 
projected in the business of airport administration with the inevita- 
ble requirement of bond issues for land, grading, sewers, buildings, 
etc., that the element of cost has been a considerable factor in 
limiting desirable lighting practice. The result has been to provide 
the barest necessities as far as lighting is concerned, and these 
apparently have been adequate for the relatively few plane move- 
ments we have today, coupled with the fact that most of the pilots 
doing night (King are experienced and extremely resourceful. 

It is significant that lighting is one of the three major features 
on which an airport obtains a rating from the United States Depart- 
ment of Commerce. The standards set up in the Airport Rating 
Regulations are in the nature of minimum requirements and as 
such they are more properly to be worked from rather than to. 
While minimum standards are necessary they oftentimes react to 
limit progress. Particularly is this true in such branches of engineer- 
ing where engineer specialists alone can visualize and evaluate the 
efficacy of printed specifications, and where competitive bids and 
awards are usually based on minimum standards. 

Those planning airport lighting facilities should anticipate the 
requirements, not in terms of minimum values but in terms of 
safety, general utility and expediency of traffic operations, such as 
any large, active industrial or commercial enterprise might compre- 
hend. The cost of the best system of lighting is small compared 
to its sen ice in extending the use of the airport throughout 24 hours 
a day. The advertising value of light should not be overlooked. 
To inspire confidence and build up patronage for air travel no 
factor is more important than adequate airport lighting. 

A single serious accident — aside from the danger to human 
life — due to inadequate lighting might involve more expense than 
the entire cosl of the best lighting facilities. 

If we dare consider aerial transportation in the light of a 
potentially great industry and think of an airport in terms of a 
large industrial establishment whose floor space consists not only 

aclosed hangars for housing equipment, but also of open landing 

fields as a part of t lie production and service area essential and 

peculiar to this new industry, we can gain some idea of the possible 

future use of light as an investment for the safety, convenience and 

i il acceptance of night flying service. 
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An industrial plant having, say, 3,000,000 square feet of floor 
space would have, conservatively, 3,000 kilowatts of lighting 
installed. Large theatres employ from 50 to 500 kilowatts for 
lighting only the stage. Large electrical advertising displays use 
100 to 300 kilowatts. Present lighted airports, employing a 
lighting load of the order of 25 to 40 kilowatts show distinctly a 
meager use of light considering relative usefulness and importance 
of the application. 

The filming of the movie "Broadway" employed over 4 million 
watts of electrical energy for lighting the set. This, roughly, was 
more wattage than was being used in the lighting of all the 10,000 
miles of lighted airways and in lighting all the airports in the 
I nited States at the time of release of the film earl) this year. 
More light for a single movie production than was provided for 
the safety of air transportation over 40,000 miles of daily flying 
on established air routes! 



( se of Light in tviation Service 

Lighting for aviation may be divided into four general classifi- 
cations as follows: 

1. \ir\\a> Lighting 

2. Urpoii Lighting 

3 \ir Marking and Signaling 
1. Kin f af I Lighting 

Lamp- and equipments and methods foi the use of light for 
each -I these applications have been developed and are in mi 
in a limited way. Sem developments will follow to meet Dei 
requirements which are certain to come as the volume of ;or traffic 

in- reases 

<>n Page 9 i- i brief description of the lighting provisioi 
the system of lighted airways now in operation. Tl m of 

airw.»\s maintained b> the Federal Governmenl ahead) links 
population centers i omprising eight > million people. However, the 
ralue of this airwaj lystem toacit) oi cotnmuniti on or neai Oh- 






Summary of Provisions for the Lighted Airways 

An airway is considered as a strip 5 miles wide leading from one airport to 
another. The establishment and administration of ch il airways is in the charge of 
the Director of Aeronautics, Department of Commerce, 
who is responsible for beacons, intermediate landing 
fields, signals, radio, and general navigation facilities 
fur the safe operation of aircraft over such routes. To 
date, 1352 beacon* and 282 intermediate landing fields 
are in operation over 11,000 miles of lighted airways. 
Airway Beacons 

Located approximately every 10 miles along 
airway. Beacons consist of 24-inch, 1000-watt, 
2,000,000-candlepower projectors revolving at 6 r.p.m. 
Projectors are mounted on towers and are equipped 
with automatic lamp changers. Visible for 25 to 40 
miles in clear weather. 

Two 18-inch, 500-watt "on course" projectors are 
mounted on the platform below beacon and point 
forward and backward on 'lie airway course. These 
are fitted with red cover glasses and deliver 17,000 
eandlepower, with 10 degree vertical and 15 degree 
horizontal spread. ( 'ourse lights Hash beacon number 
in Morse Code. 
Intermediate Landing Fields 

About every 30 miles along airway; identified by 
yellow course lights In addition to beacon the lighting 
comprises boundary lights, approach lights, obstruction 
lights, and illuminated wind cone. All kept burning 
from sunset to dawn No field lloodlighting is prov ided 
because of limited |>ower available at the majority of 
fields; landings must therefore be accomplished by 
aid of airplane landing lights or parachute flares. 




Kig. 2 — Typical Airway 
Beacon 




Fig. 3 -Intermediate Landing Fields are located every 30 miles along established 
air routes. \| t hough only in t he experimental stage, the feasibility of intermedi- 
ate field Qoodligh ting has been demonstrated by the installation of svv itch control 
apparatus responsive to audible signals from a wind driven siren on the airplane. 

9 



Minimum Lighting Facilities Required for an Airport to 
Obtain an "A" Rating 



Clear qlobe / 

/Oinside etched 




I-ik I— Typical ;iir|K,ri layout ihowuig lighting equipment ;«n<l iis lo 
on Page 11 i^ a l>ri<T abttrai i of the inioimtuii lighting i 
required \>\ the Departmenl o4 < ommercc Rating Regulal 
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Minimum Lighting Facilities Required for an Airport 
to Obtain an "A" Rating 







Airport Beacon 

Minimum candlepower not less than 100,000 
for long range, and in no case less than 15,000 
candlepower. Rotating or flailing w ith Hashes not 
less thai! one-tenth second duration or luminous 
period not less than 10 per cent. Light distribution 
such as to be visible all around horizon and to the 
zenith, or nearly so, for altitudes of 500 to 2000 
feet; distinctiveness for identification; automatic 
lamp changers or au\iliar> units for reliability 

Boundary and Obstruction Lights 

Either 600-lumen series or 25-watt multiple 
lamps in clear weather proof globes on standards* 
;J0 inches aboxe ground and spaced not more than 
.'100 feet apart to outline boundaries or landing 
strips. Multiple circuits limited to 5 per cent xolt- 
agedrop. Green substituted for white to show [Hants 

of best approach, and red globes to show hazardous 

approaches, using LOOO-lumen series or 50-watt 
multiple lamps. Ml obstructions in xicinitx must 
have red lights at highest points of obstruction. 

Wind (lone and Hangar Lighting 

Illuminated wind-direction indicator to be 
visible from 1000 feet in all directions if extern. ills 
floodlighted. Wind cones internall > lighted require 
not less than 200 W att lamp in suitable reflector. 
Exterior surface of each hangar to be flood- 
lighted to 2 ' -j foot-candles with surface reflection 
factor at least 50 per cent 

Ceiling Light 

A 12-inch, 250-watt m< audi scent lamp search- 
light 7 degree maximum beam spread to be 

installed for ceiling height measurements 

Field Floodlighting 

One or more units to provide an even distri- 
bution of illumination without shadow areas and 
of sullicient illuminating power as to mike ground 
details visible from an altitude of 30 feet. The 
minimum \ertical plane illumination over the 
usable portion of landing area shall not be less 
than Ola foot-candles. System to be controlled 
from convenient point and sullicientlx. flexible to 
permit landing under all conditions of wind 
direction without the necessity of landing directly 
toward the light source. 

Units shall be mounted as low as possible 
consistent with contour of ground, and shall 
project a beam of narrow vertical divergence with 
sharp CUt-off at top so as not to produce glare 
When more than one unit is used, each shall be 
independent from the other in operation. In 
case of a single light source' floodlighting unit, an 
automatic lamp (hanger shall be provided. In 
lieu of a lamp changer an auxiliary unit may be 
used which will give not less than 0.035 foot- 
candles oxer the usable portion of the held. 

11 
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equipment may also produce only 100,000 candlepower maximum 
though the lattei will illuminate one hundred times as great an area. 

The process of molding light from a lamp into a piercing shaft 
is not unlike the fashioning of a ball of metal into a slender rod. 
Hough gauge presses might shape the ball into an oblong chunk, 
it mighl be hammered further into a slender rod; if greater length 
irere desired, this rod might be rolled through more accurate 
gauges, into wire. This wire might be further lengthened by 
drawing through a series of accurately ground diamond dies until, 
finally, OUT original ball of metal, onl\ a lev. inches in diameter, is 
reduced to a lli in wire several miles in length, 

\ light source such as a bare Mazda lamp is simply a ball of 
Light, emitting rays in all directions. Reflectors and lenses are the 
tools b> which I his sphere of light is drawn out into a piercing shaft. 
a spreading fan, or an> other light pattern that is best suited to 
the particular application. I nlike molding metal into patterns 
when we attempt to control light we lose a part of our original 
(piant it > at each step in the process of refinement thr actual 
loss or converse!) the resultant useful light obtained depends upon 
the I > pe of equipment employed, the degr< I necessary, 

and the skill of the designer in the choi< i imputation of his 

light-moulding tools, 

The amount of light from any light source can be readily meas- 
ured and all \l\znv lamps are rated in terms of the amount of 
light emitted. Where large areas are to be lighted, the ordinary 
procedure is lirsi to ascertain the area (in square feet i to be 
lighted and lo decide the degree of illumination required and from 
these two factors determine the total volume of lighl thai musl be 
provided. Kquiprnenls should then be designed which will deliver 
I his volume of light efficiently ; the choice of equipment will depend 
upon the actual locations of the equipment with respecl to the 

• in be lighted, the number of units to be employed, and the 
projection distances. 

The M\/l)\ Lamp in Aviation Service 

The \l v/uv lamp, because of its simplicity of opera! ion, relia- 
bility in service, its natural color quality as well as its adaptability 
to color media, is best adapted to all phases of airporl lighting. 
Its operation requires no auxiliary regulating mechanisms or 

13 
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landing Field Floodlighta > Rnarina 



Fig. 5 — Mazda lampa specially designed for tviation Sarvkv 



attention and can therefore be readily controlled from any desired 
point. Furthermore, the wide range of sizes and the adaptability 
to use in all manner of focusing equipment, permit accurate control 
of the lighl and the provision for an) amount of light, properi) 
distributed, and for the least cost of operation. 

Several Bpecial types of Mazda lamps have recently been 
developed to meel the needs of aviation service. These lampa, 
shown in Fig. 5 are of high wattage of special design and filament 
oonstruction best adapted to accurate lighl control in reflecting 
equipment. While a more complete summary of lamp da! 
included in the appendix. t i fa interesting here to note the impetus 
the needs ol aviation have given to lamp research and improvement 
Heretofore there always appeared inherent difficulties in hi gh 
wattage Lamps causing earl) failures and low efficieoc) of such 

lamps due In eXCCSSIVe bulb l>la< kenin^. These difficulties I 

atl) been overcome l<> the use of Ire,, tungsten parti lei which 
be iwished around and the bulb blackening removed at intervak 

bj this process. This and other more recent pi i,,,^ 

the filament have paved the way for new high mark> foi all time 
m the practical operating enVtencaes of rncandeacenl lamps 

14 



AIRPORT BEACONS 

Airport beacons are the main guideposts in the expanding 
network of silver trails rapidly linking important centers in a vasl 
aerial highway system. They serve, essentially, as destination 
markers to guide the pilot from afar and to herald the proximity 
of a landing area. As such they should stand out distinctly as air- 
port beacons, identified from among the air lane beacons which 
are placed at ten-mile intervals on all lighted air mutes. 

The installation and maintenance of a suitable beacon is our 
of the iirst requisites in the lighting requirements of an airport. 
Urpori beacons as well as all other lighting facilities of an airporl 
are a part of the administration of each individual airport and a^. 
far as installation and maintenance are concerned are independent 
of the system of air lanes and navigation aids provided by the 
Department of Commerce for established air routes. 

The ordinary aerial beacon consists of a powerful rotating 
searchlight with its single slender pencil of light which describes a 
saucer-shaped sweep of light as the beacon rotates. A typical 
beacon unit is shown in Fig. 6. 




Fig. 6 




Fig- 7 

Kig. 6 shows typical 21-inrh beacon with 

parabolic mirror iiMiit,' lOIIO-wall, ll.~>-\olt, 

T-20 bull. \lwnv lamp. Equipped with 

automatic lamp changer, shown in Fig. 7, 

which automatically moves a span* lamp 

into focal position in case of failure of 

other lamp. Metal drum housing below 

lamp contains a motor and gear mechanism for rotating beacon, the speed 

controlled as desired. The standard iate of rotation is 6 r. p. m. Develops 

2.000.000 beam eartdlepower with 5 decree beam spread. 
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Fig. 9- 



\ir\\;i\ and \irport 
Beacon 



On the other hand if the beam is 
eon fined to a 3 to 5 degree spread in 
an endeavor to obtain maximum beam 
candlepower, tin- effectiveness <A' the 
beacon is reduced because a plane at 
normal or abnormal flying height will 
benefit only for the short time it may 
be in the main beam. It will be seen from 
Fig. 8 that the revolving beacon creates 
a beam track, the center of which is 
1895 feet high at 10 miles and only 234 
feel high at one mile, consequent!) the 
brain is limited in the locations of 
pick-up. Approaching the beacon, a 
plane travc ling at uniform height soon 
passes out of the main beam into a 
dimly lighted region. 

The latest I . S. Department of Com- 
merce design specifications for airway 
beacons rerogni/e this pojni in providing 
for a 25 degree fan of light above the main beam. In addition 
four cylindrical lenses are provided in the upper pari of the hous- 
ing, which end I some light so that the beacon is visible from any 
position overhead. Such a beacon is shown in Fig. 9. Any redis- 
tribution of lighl from a projector is accompanied by a sacrifice of 
beam cancUepower of the main beam. It is true thai the candle- 
power values for the upper angles approaching zenith nerd be but a 
fraction of ( he candlepower needed for I he angles near the horizontal 
for equal visibility since I Ik- pilot observer will be correspondingly 
near the beacon. However, under adverse weather conditions 
higher candlepower values in the upper zones would be of distinct 
advantage. 

There is the third factor which enters into the problem in 
connection with the present aviation beacons, that is. the question 
of flash period. The standard beacons have a beam spread of 
about 5 degrees and rotate 6 times a minute. This does not allow 
the light to fall on the pilot's eye for a sufficiently long period of 
time to permit the eye to reach its maximum response, that is. the 
impression on the eye is the product of the intensity of the light 

17 
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and the length of time the retina is exposed to it, up to the saturation 
point. If the present rotating beacon is stopped in its rotation 
with the beam trained directly toward an observer the beacon 
appears to become much larger and more brilliant. A greater beam 
spread would therefore produce a more effective beacon. 

Longer flash period can be obtained in two ways, either b> 
slowing up the speed of rotation or by spreading out the beam. 
The former is not desirable because less than 6 flashes per minute 
allows a pilot to travel too far between flashes. Great increase 
in spread of the beam means loss in beam candlepower. There is 
probably a point where the gain due to longer flash period obtained 
by greater beam spread would just offset the loss on maximum 
beam candlepower. This is one of the things which should be 
determined. Perhaps it may prove desirable to spread the beam 
somewhat and maintain present maximum candlepower, by usinp 
a somewhat different shaped filament so as to increase the spread 
in the horizontal direction or by using somewhat higher wattage 
tamps than the present standard, or by using several lamps and 
several projector equipments each of which is designed to add its 
light distribution for the best effect of the beacon as a whole. 

The latter possibility has led to the consideration of a multi- 
light projector as shown in Fig. 11. It will be noted that two long 
range projectors are provided with their beams offset both vertically 
and laterally which increases the effective beam spread to 10 degrees 
each without the loss of candlepower. In addition to the long 
range narrow angle projectors, auxiliary projectors are provided 
of such beam characteristics as to create a vertical fan of light of 




Kg. I©— Experimental don* 

.mi) n llr< lor unit rotate inside of <m losed tflass 

dome. In addition to the long range high candle- 
power beam, tins design permit! oonaiderable ti^hi 
otherwise lost in itn- housing to beoon 
in the nop 
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Fig, li — Experimental Beacon I'sed at the Cleveland Municipal Airport. 
In addition to the several projectors so designed and aimed to produce a solid 
sweep of light through the upper 180 degree hemisphere, a duplicate set of pro- 
jectors has been provided. These are fitted with red co\er glasses >,, that as the 
beacon rotates, it alternately sweeps a path of (.■<) and then white |j-ht through 
the sky. The lamping of both sets of projertm ■> U identical iind -ine< the red 
color screen has a transmission factor of about M) per . - -ni I In m.i \nmnii eandle- 
power of the red projector is of the order of 600,000 candlei i cenl of 

2,000,000). 

relatively high candlepower visible from any location in the upper 
horizon. Wider beam spreads with resultant reduced beam candle- 
power are satisfactory for the auxiliary projectors since the plane 
within range of their beams is relatively nearer to the beacon. 



Colored Light Beacons 

The use of colored beacons, particularly red, was first advocated 
because of the general impression concerning the ability of red rays 
to penetrate fog. It has long been known that the atmosphere is 
somewhat selective in the transmission of radiant energy of different 
wave lengths. Fairly definite values for transmission of radiant 
energy from the sun through clear atmosphere have been estab- 
lished for the various wave lengths, indicating a relatively higher 
transmission of the longer wave lengths. At the earth's surface under 
varying conditions of water vapor and dust or smoke particles 
data are not so complete. It has been observed that there is a 
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BOUNDARY LIGHTING AND OTHEK 
LIGHTING ADJUNCTS 

These indispensable aids designate to the pilot, after the beacon 
has guided him to the airport, the exact limits of the landing area 
or best points of landing approach, and point out all obstructions 
which form hazards at low flying altitude. Since these applications 
present no unusual problem of electrical installation or of lighl 
control, only the principal features will be discussed. 

Boundary Lights 

Boundary lights serve to define the limits of the frying field 
area. These are placed at regular intervals around the boundaries 
showing the immediate layout of the field. On a few fields where 
cinder or hard-surface runways have been established, boundary 
lights in combination with runway floodlights have been installed 
to outline the runway boundaries. This system presents immedi- 
ately to the pilot a picture pattern of the runway layout. However, 
where any considerable amount of traffic movement is expected at 
an airport in the future, it is likely that intersecting runways will 
be abandoned and as funds for development are made available all 
fields will be so graded and surfaced that the entire area within the 
outside boundaries will be available for plane movement. For this 
reason the outlining of runways seems a temporary expedient. 




ABC 

Fig. 12— Typical boundarx light installations: i V) Prismatic globe and ((mica) 

skirt; (B) Plain globe and stem; (C) White glass globe with reflector-type guard, 

and conical base. 
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While white light boundary markers are customary in the United 
States, there is considerable merit in the practice of certain 
European countries to use red or amber globes. Boundary lights 
define the limits between hazardous and non-hazardous landing 
areas and therefore have somewhat the same significance as other 
obstruction lights and can well be of a color which signifies caution 
or danger. It is extremely difficult oftentimes to differentiate be- 
tween white boundary lights and street lights in the neighborhood, 
whereas a standard colored globe such as amber would make them 
easih recognizable. 

The unit which was first developed for this application 
curivis|> of ;1 vapor-proof globe and fitting mounted on a 2 to 
3-foot stem of galvanized conduit, as shown in Fig. 12b, The globe 
nia> be either a small enclosing globe frith a moisture-proof litter 

or preferably a prisma! ir enclosing globe designed especially for 
this service. The lattei globe has the advantage of controlling the 
li-l't -""I ini reasing the candlepower in the upward direction. This 
increases the pick-up distance and proves of considerable advant 
under conditions of pool visibility. 

Because of the slender stem, boundary lights are oftentimes 
inconspicuous in the daytime when the light or surroundings are 
Mich .is to merge with the background. For thai reason, it is 

►mmended thai each boundary light be surrounded b> a 3-foot 
< ircleoi \\ hitewashed crushed rock or slag. Later types of boundary 
light as used on emergency landing fields and airports are shown in 
Pig. 12 V and ('. The conical sheet metal skirt is painted yellow 
■""l ia irerj conspicuous. This skirl also acts as a support for the 
lighting standard which is connected to the electric circuit with a 
separable plug connector. This makes the unit less dangerou 

an obstacle in case of a collision \\ itfa it. 

Earl) practice called foi thr spacing of boundary lighti I 
to 300 feet. Ii has been found, however, thai sp Am 

ordei are too great to jive the best results, This , s particularly 
true oi airports lo< ated adjacent to streets « highways paralleling 
'!"• boundaries of the field and because of the < los,- f spacing 

et lighting units, it ma) be difficult to identify the «"m lhff 
more wide!) spaced boundary light sources. Furthermore, a pilot 
passing ovei one cornei of tie- field ma) have difficulty recognii 
tins ;i s ,i corner; this is particularl) true under ad, that 

litions when the units ; ,r<- spaced ;<i considerable d 
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Approach and Obstruction Lights 

To indicate the most favorable points of approach in landing, 
one or more units in the boundary lighting system may be equipped 
with green colored globes. Such indications are particularly helpful 
on irregularly shaped fields or on fields where special grading or 
surfacing have provided smooth runways. 

To indicate all obstacles on the field itself or any obstructions 
in the vicinity of an airport, a red light has been designated as a 
standard marker. These should be placed on all buildings, trees, 
water tanks, towers, smoke stacks, pole lines, fences, etc., in such a 
position as to be visible from all directions. In the case of ver> 
tall towers near the airport, a red light should mark every 30 feet 
of vertical height. Warning lights for major obstructions such as 
radio towers, water tanks, tall buildings, and the like, may be 
installed on flashing circuits but the flashing mechanism must be 
such as not to interfere with radio reception in the vicinity. 

Both the green approach lights and the red obstruction markers 
should preferably be lamped with 100-watts or the equivalent to 
compensate for the absorption of light by the colored globes. 




Kg. 15— View showing Airport Beacon, Wind-Cone Unit, and Obstruction 
Lights on a Hangar 
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tBy the use of a 500-watt, narrow beam 
projector, directed upward al a definite angle, 
and by noting where the beam is scattered 
by the cloud bank, the height of the clouds 
can be approximated by simple triangulation. 
Direct readings of ceiling height are obtained 
by use of a ceiling height indicator. This 
device consists of a simple quadrant and 
pointer set in the same plane as the projected 
beam and a definite distance from the pro- 
jector. By sighting along the pointer the 
point where the beam strikes the clouds, a 
Projector "* direct reading of ceiling height is indicated. 

Exterior Hangar Lighting 
Illumination of the vertical sides of hangars or other buildings 
adjacent to the landing area serves the very useful purpose of 
creating normal perspective b> which a pilot can judge his height 
above the ground when gliding in to make a landing. Two systems 
early suggested themselves, both of which have been satisfactorily 
used. Angle reflect ors with 200-watt lamps spaced 8 to 10 feet 
apart, mounted on 6 foot conduit stems at the eaves will serve 
to illuminate the sidr> n f the building in the same fashion as a 
lighted posterboard. This scheme meets the requirements but is 
open to the criticism from the standpoint of appearance. As one 
commentator expressed it. the trend is distinct I\ away from the 
"glorified tin garage" type of hangar, giving way to buildings of 
more permanent aspect and of some architectural character. It is 
true that the modern airport is rapidh taking it- place as a legiti- 
mate civic enterprise calling for full expression of civic planning. 
This suggests the installation of standard floodlighting equip- 
ment in place of angle reflectors to floodlight one or several principal 
airport buildings. Such floodlighting will >er\e the double purpose 
of providing a definite aid to the pilot and further serving to 
beautify the airport building in the same pleasing and attractive 
manner that so man) commercial buildings arc being floodlighted. 
Floodlights ma> be mounted on poles a short distance from the 
wall or on the roofs of adjacent buildings. The irattage required 
will depend on the type and the number of floodlights used. A 
floodlight equipped with horizontal spreading lens produces a beam 
pattern best adapted to the ordinary single stor> hangar building. 
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I i.' T> \itflit iippi'iinuiri* of (lunilli^htcil hiinpir buildings 

This modified beam produces uniform coverage with fewer units. 
Six to ten foot-candles on t he vertical surfaces should be provided. 
As a substitute for floodlighting either b\ amde reflectors or 
floodlights, the idea of lighted hangar windows would seem to offer 
an equally effective scheme. Kither special lighting on the interior 
or if the regular interior lighting is of high standard, the light 
transmitted through the windows would by itself give the incoming 
pilots a good perspective of height. This necessitates keeping the 
interior lights burning but here again they will be doing double 
duty. This scheme is equally effective as that of special exterior 
floodlighting since the t ransmitted light in most cases gives a greater 
surface brightness than that obtained by the usual standard of 
floodlighting. This, in addition to the illumination provided by the 
landing field floodlights where buildings or trees surround the air- 
port, should be adequate for vertical perspective. Illustrations of 
two methods of exterior hangar lighting are shown in Figs. 19 and 20. 




Fig. 20— Light from th 



windows of well-lighted hangars 

;is special exterior liirtilin^ 
27 



effecth 



LOOKING AHEAD IN AVIATION LIGHTING 




Fig. 21 — Night photo of Cleveland IVIunu ip^l \irport lighted by a 24-kw. 
incandt-Mvnt floodlight 




Fig. 22— Night view of Newark Municipal tirporl lighted hy No. 1 Bank of 
>i\ 3000-watt projectors 

28 



LIGHTING THE LANDING FIELD 



The foregoing lighting facilities might all be classified more in 
the nature of navigation aids, that is, using light for direction. 
orientation, and warning indications. The lighting of the landing 
field itself is more strictly a general illumination problem and those 
planning airpurt lighting facilities should, as previously stated. 
anticipate future requirements, not in terms of minimum values 
hut in terms of safety, general utility, expediency of traffic opera- 
tions, and good-will value of well-lighted surroundings. While tie 
investment in lighting facilities is a considerable item in relation 
to the comparatively few plane movements today, yet the cost 
of the best system of lighting is small compared to its service in 
extending the use of the airport throughout 24 hours a day. 

The present methods of lighting landing fields grew out of the 
early experience of the U. S. Army Air Corps in meeting the require- 
ments for military operations. Army practice demanded flexibilit> 
and portable power apparatus using D. C. generator equipment in 
combination with a motor truck. For this service the 150-ampere 
arc with a modified type of BBT lighthouse lens, as shown in 
Fig. 2!i, was remarkably well adapted. The portable feature 
allowed the units to be moved about at will and Located with 
respect to wind direction for favorable landing conditions. 

With the precedent of army practice, the high intensity arc 
system was naturally adopted for the first commercial (nhU 
Since these first installations, considerable study has been made of 
the lighting problem for commercial airport operations as contrasted 

to army requirements. 
The expense incident to 
the servicing and attend- 
ant of the arc, the opera- 
tion from fixed locations. 
and the general demand 
for more field illumina- 
tion has led to the de- 
velopment of other field 
floodlighting equip- 
ments which have dis- 
tinct advantages over 
Fi K . 23-Large Air Mail Type BBT Floodlight h equipment. 

on carnage for portahilily ^ ^ 
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Principles Involved 

The simplest specification for lighting landing fields, reduced 
to the fundamentals applied to other general Lighting problems, 
can be stated in terms of lumens of light, or foot-candles, delivered 
per square foot of area. This is predicated on the generally accepted 
fact thai the best illumination system for landing, taking off and 
general operations provides practically uniform distribution of light 
over the entire area. Certain illumination values from the stand- 
point of safety, obviously, can be set up, though these may be 
decidedly different from economical standards if one's conception 
of the problem embraces a broader view of the general economics 
and future of airport operation. 

The requirement for uniformly distributed illumination carries 
with it certain related qualities which must be considered: 

1. Upward light should be reduced to a minimum; 

2. Glare from light sources should be eliminated as far as 
possible; 

3. Harsh shadows should be avoided; 

4. The color quality of the light should not distort normal 
color appearance of objec is. 

Limitations quite similar are imposed on the design of any 
interior lighting system and they have been overcome by the 
proper design and location of the lighting equipment. For example, 
in a store or office it is entirely feasible to supply all the light 
required from a single high wattage lamp but the lighting results 
alight be intolerable because of glare, harsh shadows, and poor 
distribution. Accurate design data as regards spacing, mounting 
and utilization efficiencies for interior lighting systems are now 
well established. 

If it were not for the necessity of keeping the landing area free 
of overhead obstructions a system of overhead lighting from 
ordinar> industrial type reflectors would probably give the best 
lighting results. This being impractical, the only alternative is to 
locate the lighting equipment at the boundaries and, by proper 
design of equipment, project light to cover the area most effectively. 
The problem of lighting large areas of this sorl has been met in 
other applications, such as lighting of stadiums, athletic fields, 
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Trees, fences, buildings, and other vertical surfaces appear 
extremely well lighted even at a considerable distance away. This 
may give an observer on the ground a false impression as to the 
adequacy of the general field illumination as seen from a plane 
overhead. 

Present Practice 

Two major points have always been considered in lighting the 
landing field. The first is that the light must necessarily be pro- 
jected <»ii I in such a fashion as to sweep the entire landing area in 
order thai the area for night operations would be as large as the 
area suitable fur landing purposes in the daytime. The second 
point has lo do with the design and location of projectors to 
eliminate glare and stray light which would blind the pilot taking 
off or making a landing. 

Two systems of field floodlighting, each possessing certain 
advantages and disadvantages, have been employed in deference 
to the two major points mentioned: 

1. The "distributed" system comprises a number of 1000 or 
1500-walt floodlights spaced at intervals of 200-300 feet around 
the boundaries of the tidd. This allows, perhaps, a more uniform 
distribution of light over the entire area, particularly where the 
terrain is uneven or slightly rolling, since each individual projector 
may be so adjusted and directed as to cover a particular section. 
The disadvantages from the standpoint of illumination is that the 
multiplicity of light sources introduces a large number of glare 
points. 

2. The "concentrated" system comprises several batteries of 
relatively small individual projectors or, more commonly, one or 
more large units with one or more light sources built into a com- 
posite, high-powered projector. The uniformil > of light distribution 
from the concentrated system is dependent upon mechanical and 
optical limitations of design. In general the ratio of minimum t< 
maximum horizontal illumination over the field will be considerably 
greater than with the distributed system. However, I he problem 
of glare is reduced, since precautions ma> be applied more readih 
to a single source than to a large number of sources; furthermore, 
no glare is experienced when the direction of flight is in the same 
general direction as the projected beam. 

33 



LOOKING AHEAD IN AVIATION LIGHTING 



Both of the preceding systems might be discussed in con- 
siderable detail, although the advantages and disadvantages of 
either system, as well as the initial and operating costs must be 
considered in their relations to specific conditions as encountered 
in lighting any given airport. However, to those who have given 
the problem most thought the ultimate solution seems to lie in the 
combination of the two systems. 

Amount of Light Required 

\n> specific recommendations as regards the amount of light 
required for (he landing field would he quite arbitrary. In interior 
lighting for stores, others and factories, and in exterior lighting for 
streets and floodlighting, certain standards have been set up from 
time to time. Such standards serve mcrelv as an index of practice; 
the) are more in the nature ofminimums. The more experienced 

the illuminating engineer, the less inclined he is to specify the 
upper limit in the amount of light that ma> lie economically 

justified. Ten to twenty times as much light is being recommended 
and installed toda) as was accepted practice l,"> years ago. 

Fortunately, in the new problem of lighting for aviation, we 
can draw on our wealth of knowledge of light and vision grown 

out of our experience in other classes of light ing 

I he airport rating regulations of the Department of Commerce 
specify an even distribution of light over the entire usable portion 
of the landing area with a minimum illumination of 0.15 foot-candlei 

<>n the verlical plane. To the war-time pilot, who learned to 

bifl plane down safelj l»> the light of a gallon of gasoline hum 
on the -round, general illumination of the order of 0.15 foot-candles 
" |;,N seem relatively abundant. To meet this requirement, project 
' imls of ' be ordei of 20,000 watts capacity are employed. However, 
on a landing field of average dimensions, saj 2000 feet squai 
1,000,000 square feet, the lighting result from this rati 

projector is rough!) equivalent to the lighting of a room 20 feet 
-'I"' 1 " b) means of a single candle set on the floor in the oon 
'I his amount of lighi in a room seems Mm |<< (oi ordinal*) moving 

about and modest, indeed, for an airport where plane movements 
at high speeds, and often under adverse weather conditions must 
trried on with everj pre, autioo fa inlet) of life and pi 
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Fit:. 26— Illumination readings on horizontal and vertical planes taken 3 feet 

above the ground for two locations on field, at zone of maximum projected 

candlepower. 



has the further advantage of high vertical lighting on grass tufts, 
or weeds, that indicate the field conditions ahead. 

On the other hand, if he is forced to approach from the far side 
of the field toward the unit, the horizontal illumination is almost 
negligible, (the reading of .0065 foot-candles is only about half 
what one could expect from full moonlight) so that the ground 
conditions are quite obscure; furthermore he cannot benefit by 
the vertical illumination since he is on the dark side of all such 
obstacles. 

Shadows caused by irregularities in terrain or weeds become 
particularly objectionable, for they are apt to give the pilot a 
false impression of the condition of the landing area. Small knolls 
casting deep shadows cause the latter to appear as deep holes or 
valleys. 

These facts almost conclusively point to the futility of trying 
to light an area as large as an airport landing field adequately 
with one high-powered projector or battery of projectors; nor is 
it any more expedient to provide a number of projectors strategically 
located unless powered to deliver adequate light volume comparable 
to the area to be lighted. 

Provision should be made, for immediate installation or for 
future additions, of 200 kilowatts of electrical energy for floodlight- 
ing landing fields of average size. It is reasonable to anticipate 
requirements to this extent, not alone because maximum safety will 
be dependent on the use of more light, but equally for psycho- 
logical reasons in that the well-lighted fields will go a long way 
to accelerate public confidence in the practicability of night flying 
operations. 
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uniformity of distribution and eliminates harsh shadows cast by 
the plane itself, or caused by rolling or wavy terrain. 

Systems of this sort, where they have been installed, have proved 
most satisfactory and deserve serious consideration on all airport 
projects. 

The matter of cost has been a deterrent to the full provision for 
adequate lighting facilities. Naturally, municipal budgets are not 
particularly elastic. Initial expense incident to the establishment 
of an airport has in most cases limited the appropriations for 
lighting, this in spite of the fact that no one denies that the 
success and value of an airport depends to a large measure on its 
lighting facilities. It is natural thai we ma> expect lower costs 
on equipment as the demand increases and greater sales volume 
is obtained. Vlready noticeable reductions in cost of airport 
lighting equipment have taken place. Furthermore, as time goes 
on it is reasonable to expect that the relative cosl of airport opera- 
tions will decrease with the increase in air traffic. 

In reviewing airport lighting plans it mil frequently be wise 
economy in the long run to develop fairly comprehensive plans 
initially and install additional equipment from time to time which 
lit in with the fully developed plan. Such a plan may involve a 
number of fundamentals which would otherwise require major 
changes in the electrical installation. For example, it provision is 
made for the installation of 8 high-powered floodlight projectors 
at the boundary of I lie held, which ultimately will require multiple 
distribution and transformer equipment at the several points about 
the field, some economy can possibly be shown b\ the use of the 
multiple system in the boundary lights, since in this case the 
length of run from distribution points is materially reduced. 
Furthermore, it is logical to expect that as new buildings and 
hangars are located about the field, it will be necessary to bring 
electric current to these points for general illumination of these 
buildings. 

Reflection Characteristics of Field Surfacing Materials 

It now appears that if airport sites are to be usable the year 
around— to eliminate boggy conditions following spring thaws and 
heavy rains, and to reduce the dust nuisance in dry weather, 
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hard surfaced runways or specially treated surfaces must be pro- 
vided. The reflection characteristics of the field surface are so 
dominant ly important as far as lighting results are concerned that 
it would be unfortunate if I he lighting efficiency and effectiveness 
are not considered along with the other factors of cosl and 
durability which influence the choice of a certain material. 

We see as a result of light which is reflected from the object to 
the eye. If the object is of good light reflection qualities, that is, one 
whose reflection factor is high, it vv ; ll appear' brighter and can be seen 
more distinctly than a dark-colored object of low relied ion factor. 

For example a surface having a reflet lion factor of 80 per cent 
(fresh whitewash) will appear It) limes as bright as a surface whose 
reflection factor is 8 per cent (cinders or asphalt). In other words, 
a given system of lighting would be 10 times as effective where 
while surfacing is provided in comparison to the use of dark 
colored materials. 

The following table shows t he reflect ion characterist ics <>f \ arious 
field surfacing materials, which values show the relative efficient ) 
from a lighting standpoint: 

\|.|.i tximate 
si RFACE M \TKIU \l. I>i% R« fle< tion I a< toi 

Semi-Hard Crushed Stone 25 

t Irushed Slag 20 

Gravel 20 

Cinders 5 L0 

Hard Bituminous Macadam 

Bituminous t loncrete 

Portland Cm im I 10 

Crushed Stone (Whitewashed 7S 

Vsphult (T;ti \ i;i 5 

Natural Cl»> Soil 20 

San. In Soil 10 I J 

Black Suit 5 8 

These data are not intended lo affirm or deii\ the merits of 
varoU8 types of paving materials hut rather to show how various 
surfaces differ in lighted appearance. It is si rough recommended 
thai this factor be considered along with other tacts in the choice 
of materials and thai proi ision be made to maintain a high reflection 
value of all surfaces h> the periodic application of whitewash 

or paint. 
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I pper \ iew- Appearance (1 f mi i faces when landing toward li^ht suune. 
Lower View — Normal appearance when landing with proje< led beam. 




Fig, 30 — These photos show two additional samples of concrete surfaces of 
rougher finish and are comparable with the examples shown in Fig. 29. 

In addition to the reflection factor of surfacing materials, the 
matter of surface finish is of considerable importance. Since we 
see by the light that is reflected from an object to the eye, and 
since the angle of incident light from low mounted projectors is 
so acute, a roughened diffusing surface is to be preferred to a 
smooth, oily surface. The former scatters the light so to be visible 
from all directions while the latter reflects the bulk of the light in 
one direction. These characteristics are shown in the accompanying 
photographs of various types of surfaces. 
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It will be seen that the reflect ion characteristics differ widely, 
depending on whether the surface is wet or dry. 

If a complete system of lighting is provided so that landings 
and take-offs are always made with the beam, the matter of glare 
reflected from the wet surfaces is obviated. Because of the high 
vertical component of illumination, there would appear to be 
considerable advantage in seeing the ground if a number of small 
vertical baffles or light targets were installed at different points 
about the field. Such targets could be made of rubber not unlike 
the rubber STOP signs oftentimes found at street intersections 
which present no obstacle but which would seem to be quite effective 
as light targets to pick up and reflect back 30 to 50 times the 
amount of light that would come from horizontal surfaces. 

AIRWAY AND AIRPORT MARKING 

The Department of Commerce urge that all cities and towns 
be air-marked by means of painted and night-lighted si<:ns on roofs 
of prominent buildings, factories, tanks, railroad stations and the 
like. Such markings, identifying the town and giving airport 
directions, are of decided importance to air navigation. At night, 
when all natural landmarks, highways, rivers and railroads are 
obscured, lighted markings are of major importance. 

One of the basic requirements of the Department of Commerce 
in granting an airport rating is that ever} airport shall be marked by 
lettering the name of the rit\ or town on the ground or upon at 
leasl one airpoii building, and visible from an altitude of 2000 feet. 

Painted signs s ho U l ( | roiiMxi of simple block letters in chrome 
yellow on a dull black background. A minimum letter height of 
6 feet i- specified with recommendations for 10. 15, or even 20-foot 
letters if space permits. For an> given letter height, the other 
proportions should be about at follows:* 

Minimum letter width -. ,,| || J( . bteight 

Width of Stroke i of , ll( , ht .^ ht 

Minimum space between letters i , ,,f the heighl 

Approximate length of the sign -Heighl of letter \ Number of letters 



* Complete instructions on lettering and symbols for airway signs are to 
be found m the Report of the Urwaj Marking Committee published h\ th.- 
Department of ( Commerce. 
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Fig. 32 — All airway marking should conform to certain standards 
set up by the Department of Commerce. 

Lighted signs of the character shown on the preceding page are 
unquestionably the most effective for all aviation markings. Not 
only is the exposed lamp type of sign quite as economical to install 
and maintain, but because of its greater brightness it attracts 
more attention, is legible at greater distances, and is more effective 
in heavy weather when needed most. 

Painted letter signs may be lighted by means of ordinary 
floodlights or by angle type reflectors so arranged to illuminate 
the sign uniformly. The equipment must be mounted above the 
roof on poles or conduit pipe, which is somewhat detractive in 
appearance. The lower brightness of signs lighted by reflected 
light makes them ineffective at great distances or in hazy weather. 
Furthermore, their night-time effectiveness is dependent upon how 
well the painted surface is maintained. 

The exposed-lamp type of sign always has the advantage of 
great brightness and therefore attracts attention to a greater 
degree than reflected light signs. The over-night failure of a few 
lamps does not seriously impair the effectiveness of the sign. A 
further advantage of the exposed-lamp sign over the painted sign 
is that it is nunc effective at night, especially during the winter 
months, even though the painted background may be obscured 
by dirt or snow. 

In this type of sign the lamps should be located along the center 
line of the strokes of the letters. An exposed-lamp sign is not 
dependent upon the background for its night-time effectiveness 
and, if it were not for the requirement of daytime service, no 
painted letter background would even be necessary. 
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Fig. 33 — From the standpoint of main- 
tenance during winter months, in 
localities where miow is likelv Id impair 
continuous effectiveness, a si^n of this 
type is of considerable advantage. The 
letters, formed of wood or cut out of 
metal, are mounted a foot or so above 
the roof and are limited l>> a row of lamps 
along the center of the letter strokes. 

An exposed-lamp sign can be constructed very inexpensively 
simply by following the painted letter strokes with lengths of 
conduit containing sockets a foot apart. Much of the cost of an 
ordinary electric sign is in the steel framework construction neces- 
sary to support the sign vertically against extreme wind pressure. 
Flat on a roof, however, only the skeleton of conduit is necessary. 
This conduit can be fastened to the roof at intervals with strap 
iron. Where this is impractical the conduit ran be trapped to 
narrow wood or metal stringers and the whole framework super- 
imposed on the painted sign and bolted down. The conduit, 
stringers, and sockets would, of course, be painted chrome yellow 
so as to be an integral part of the letter stroke when seen in the 
daytime. 

The same principle applies to signs made up of letters cut out 
of wood or metal instead of being painted direct l\ on the roof. 
The Joliet sign illustrates a very fine construction of an exposed- 
lamp sign. The concrete slab letters offer a solution to the difficulty 
of painting a sign on a gravel roof, and at the same time makes 
the job of anchoring the conduit fairly simple. Fig. 33 suggests 
the construction of a sign with letters formed of galvanized iron 
or porcelain-enameled steel. The slightly sloping sides tend to 
shed dust and dirt, and being set up above the roof, the sign is 
effective even with a considerable amount of drifted snow. 

The lamp sockets should be spaced 12 inches apart along the 
letter strokes. To prevent corrosion and serious deterioration of 
socket parts, it is recommended that the lamp and socket be 
protected by a clear or light yellow glass hood. These hoods and 
holders are readily available and provide a fairly dust-tight and 
water-tight housing for the lamp and socket. Rubber washers 
which fit snugly around the neck of the lamps and cover the top 
of the socket are available and can be used in place of the water-tight 
glass hoods. 
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Fig. 3 1— Typical aviation roof sign showing various desig- 
nations as recommended by the Department of Commerce 

The choice of the size of lamp to be used is governed by the 
two factors of attracting power and legibility. In general, 10- and 
L5-watt lamps will be satisfactory in dark districts. The use of 
larger lamps will produce a brighter sign which will command 
greater attention, and this factor is of importance in locations 
adjacent to brightly-lighted streets or near advertising signs. 

The matter of proper maintenance cannot be over-emphasized. 
Provision should be made for cleaning and repainting airway signs 
as often as required and frequent inspection should be made of 
lighting equipment for lamp replacements and cleaning. Any sign 
designed to serve as a navigation aid should be so maintained that 
the pilot may safely rely on it. 

At the larger airports where there are quite a number of hangar 
buildings, lighted signs on the roofs of each hangar would provide a 
ready means of hangar identification. Such signs could be con- 
structed with characteristic lettering and colored lamp combinations 
to produce attractive signs of distinct advertising value, aside from 
their use as orientation markers for incoming pilots. 

One important use of lamp signs is suggested by the need, even 
oow, for some method of control of air traffic at busy times when 
several ships are in the air over an airport. It seems likely that 
some system of lighted signals-letter or color combinations, 
lighted symbols, or numbers prominently displayed at a convenient 
point may be an effective means of transmitting instructions to 
incoming pilots. 
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Fig. 35— At night the lifr of an airport is in its light*, froum-d U\ r.,|.,r-fiil 
markers, and Qglow with light, well-lighted airport liuilding* rellert tin* entrr- 
prise and progress of tin- a\i;itinri industry. The Imihling in tin* foreground 
houses the waiting room, ollire-v, pilots quarter- and through the open hangar 
door one sees many eager steeds of the air being groomed for the daily schedule 
on passenger and mail roiilr>. 

It is, of course, impracticable in this bulletin to give in detail, 
recommendations for the lighting of all the various buildings that 
will be found at the average large airport. The problem of lighting 
the general offices — weather bureau station, pilots' quarters, waiting 
rooms, restaurants, etc., is no different than that encountered 
elsewhere. Suffice to say, all such buildings should be well lighted 
according to the latest standards of practice. 

The hangar building should be provided with a good system 
of general illumination with a symmetrical arrangement of units 
similar to the layout shown in Fig. 36. Because of the high mount- 
ing of units, usually 15 to 25 feet, a relatively large spacing between 




Fig. .'16 — An installation of 200-watt vapor-proof units 
Four supplementary floodlights are mounted on each 
49 



spa< ed 1 5 feel apai I 

,,| till' sidr u ilU 



LOOKING AHEAD IN AVIATION LIGHTING 




Fig 37— This large hangar is lighted 1»> fifty-ab 200-watt prismatic glass 
units mounted flush with the ceiling and spaced on 11 x 18 fool centers. 

units may be employed and still obtain fairly uniform distribution 
of light when the hangar is vacant. It is recommended, however, 
that the spacing between units not exceed 20 feet in order to avoid 
heavy shadows and dark areas caused by the wings of planes which 
intercept or block off light from one or more widely spared units. 

The RLM and other common types of industrial reflectors are 
most widely used for hangar illumination, although more strict 
interpretations of the Underwriters Code require that vapor proof 
Gxtures be installed in this type of building. A hangar lighting 
system should deliver at least 10 foot-candles in order that repairs, 
servicing and maintenance may be done without inconvenience' 
Circuits should be arranged from the standpoint of economy of 
operation during the periods when less light is needed. As an 
indication of the wattage necessary for the recommended standard 
of illumination in the standard type hangar building, two watts 
per square foot should be installed with provision in the wiring 
capacity to install at least 3 watts per square foot in the future. 
I hese allowances are comparable with present da> recommendations 
for the rougher grades of industrial work. 
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AIRPLANE LIGHTING EQUIPMENT 

The lighting facilities required on the airplane itself for night 
flying are not greatly different from those required for automobiles 
and motor eoaehes, and most of the present equipment used is an 
adaptation from automotive practice. The problem is more 
complicated, however, in the economic limitations of weight and 
space for battery and generator equipment— thus restricting the 
energy available for lighting purposes over any considerable period 
of time. 

The source of energy for lighting consists of a standard 12-16 volt 
battery, for continuous use of instrument and navigation lights and 
with sufficient capacity for a 20 or 30 minute use of high powered 
headlights for normal and emergency landing purposes. Such 
battery equipment is generally charged at terminal points although 
some transport lines, anticipating night passenger traffic are equip- 
ping their planes with direct driven generator, and battery systems. 

All planes in night flying service, in addition to the lighting of 
the instrument board must be equipped with wing tip and tail lights 
in suitable units and so mounted as to be visible from practically 
any angle. The typical units shown in Fig. 38 consists of a recep- 
table inside of a thin stream-lined pyralin shell, inserted in the 
wing tips and rudder, or mounted on short stem brackets. Red on 
the left wing, green on the right, and white at the rear are the 
standard indications of these navigation or running lights. 




Fin. :i» Hear riH\ipition li^tit mounted on tail-fin of plane 
51 



LOOKING AHEAD IN AVIATION LIGHTING 




Built-in type of Landing Light Landing Lighl mounted undei the win* 




Landing Light of disappearing type in Landing Light pulled up into wing 

down position when not used 

Fig. 39— Various methods of installing airplane landing lights on wings; similar 

equipments are sometimes installed on the fusilage above the landing gear. 

Landing lights similar to the types illustrated in Fig. 39 were 
developed early for the service <>f the airmail. The units consist 
of a parabolic reflector using a 12-volt, 35 ampere concentrated 
Glament lamp. When externally mounted the housing is stream- 
lined; other types are either built into the wing tips, or are mounted 
and hinged so that the> can be drawn up into the wing when not 
in use, thereby lessening wind resistance. 

While units of tin- general type have been practicable and 
serviceable, still it is evident that improvements can be made in the 
optical performance of the equipment and in its flexibility and 
control. Before an> degree of standardization can take place, a 
study must be made of the requirements for various classes ol 
service in determine what sorl of beam characteristics an a 
suitable and to what extent the lights should be controllable by the 
pilot, in short, to Irani, as the experience of the industry broadens, 
just wh.i! results are most desirable. This study is now under way. 
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APPENDIX 

Table 1 is a summary of the Mazda lamps 
regularly available for various applications in 
aviation service. Essential technical data are 
included for the information of equipment 
manufacturers and for reference of airporl 
and aircraft operators. 



Tabic I — MAZDA Lamps for Aviation Service 



Application 


Type of MAZDA Lamp Used 




Revolting Beacon 




1000-watt, 115-volt, T-20 bulb, concentrated filamenl lamp. 
Over-all length 9 r* in. Light center length \% in. Rated 
average life 500 hours. Mogul screw base. 


Urwaj 


On Course Projectors 

500-watt, 113-volt, T-20 bulb lamp. Over-all length 9H »»• 
Light center length l'} 4 in. Hated average life 800 hours. 
Mogul screw base. 

:>00-whU. 115-volt, (MO bulb, floodlight lamp. Over-all 
length 7^ in. Light center length \\i in. Rated average 
life JUKI hours. Mogul acre* base. 


Airport Beacons 


Same as for revolving airway beacon; in addition, the 1000-watt, 
30-volt, T-20 bulb lamp is used to a considerable extent. 


Ceiling 

Light 


Projector 

500-watt, 115-volt, T-20 bulb, concentrated filament lamp. 
Over-all length 5 l i in- Light center length 3 in. Rated 
average life 50 hours. Mogul screw base. 

The 250 and 100-watt, 115-volt. G-30 bulb lamps and the 
1000-watt, 115-volt, (M0 bulb lamp, designed foi spotlight 
service — 200 hours life — are well adapted to this sen ice. 


Boundary, 

Approach. 


Series Circuits 

Clear Globes -(>oo lumen, 6.6 amp. (avg. watts, 13.3) S-21J/ 2 
bulb lamp. ()\ er-all length 7J b in. Light center length 
Hated average life 1350 hours. Mogul screw base. 

Red or Green (.lobes — 1000 lumen (avg. watts, 6 LI) lamps; 
other data same as abo\ e. 


and 

Obstruction 
Lights 


Multiple < ircuits 

Clear Globes — 50-walt, (510 lumens) 115-volt A-21 inside 
frosted bulb. Over-all length Iff in. Light center length 
3^ in. Rated average life 1000 hours. Medium base. 
Red or Green Globes— 100-watt (1360 lumens) 115-volt A-23 
inside frosted bulb. Over-all length 6jV in. Light center 
length 4% in. Average life 1000 hours. Medium base. 
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Table 1— MAZDA Lamps for Aviation Service (Continued) 



Application 


Type of Mv/OV Lamp Used 




10-k. W. Lamp (260.000 lumens) 

10,000-watt, 115-voll, G-80 bulb, concentrated filament lamp 
Over-all length 20 in. Light center length 12 in. Skirted 
prong base. Bated average life 100 hours. 
Used in O.K. Twin and BBT Type \1-B-I) lioodlighting units 


Field 


5-K.W. Lamp 030.000 lumen-) 

5000-watt, 115-volt, 0-61 bulb, concentrated filament lamp 
Over-all length 1 ."> ' j in Light center length Min. Prong base. 
Rated average life 100 hours. 

1 teed in (.. E. Twin, BBT Type H-3-D, Crouse-Hinds Type 
A.KP-2 1 equipments 


Floodlight* 


3-K. W. Lamp (7H.000 hi men-) 

3000-watt, 32-volt, OT-38 bulb, roneent rated filament lamp 
Over-all length 17 in. Light center length 7 in. Prong base 
Bated average life 100 hour-.. 

1 scd in ( I.E. Type \ 1.11. < n him - 1 1 ,„ds Type DCE 24, Westing- 
house, Pyle-National. and similar equipments. 




1.5-K. W. Lamp (31.500 lumens) 




1500-watt, 32-volt, T-21 bulb, eoncentrated filament lamp. 
Over-all length 13 ! , in. Liuhl center length 5}4 in. Prong 
base. Bated average life |IH) hour- 

Used in (1, K, Type VLI L Cmuse- 1 lin.U Type AKP-II 
Westinghouse, Pyle-National, and -imil ir eijuioments. 


Miscellaneous — 

Floodlighting. 
Signs and 
Interior Lighting 


These applications use the ordinary types of Mazda lamps in 
sizes ranging from 10 to 1500 watts. 




Landing 

12 volts, 35 amperes, G-25 bulb. Mogul screw base — over-all 
length 5J4 in., light center length 3 in. Prefocus base — over- 
all length 5% in., light center length 1 }-£ in. For horizontal 
or base-down burning. Bated average life .10 hours 


Vircrafl 
Lighting 
(12-16 Voli 


Navigation 

M\/.i>\ No. 11 12, 12-16 volts, 1.33 ampere., 21 C p., 5-10 
bulb, D. C. bayonet base. Over-all length 2 l „ in Light 
(enter length \ l 4 in. Bated average life 300 hours. 


Battery and 
Generator 

Systems) 


Instrument 

Mazda No. 68, 12-16 volt, 0.28 amperes, 3 c. p., G-6 bulb. 
D. C. bayonet base. Over-all length 1-fe in. Light .enter 
length 3 |*in. Bated average life 200 hours. 




General 

In addition to the two preceding lamp-, there is available 
Mazda No. ( >l, 12-16 volt. L02 amperes, 15 c. p., S-8 bulb 
lamp; also, Mazda No. 11 U, 12-16 volt, I <>1 amperes. 32 c. p.. 
S-10 bulb lamp, for general interior lighting of cabin planet. 
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THE SALES ORGANIZATION OF THE NATIONAL 
LAMP WORKS OF GENERAL ELECTRIC CO. 



ALLEGHENY DIVISION PITTSBURGH. PA. 

ATLANTIC DIVISION NEW YORK. N. Y. 

BUCKEYE DIVISION ^ CLEVELAND. OHIO 

CONTINENTAL DIVISION PHILADELPHIA, PA. 

EMPIRE DIVISION BUFFALO. N- Y. 

MICHIGAN DIVISION DETROIT, MICH- 

MIDLAND DIVISION CHICAGO, ILL- 
MISSISSIPPI VALLEY DIVISION ..... ST. LOUIS. MO. 

NEW ENGLAND DIVISION BOSTON. MASS- 

NORTHERN DIVISION MINNEAPOLIS, MINN. 

PACIFIC DIVISION OAKLAND, CALIF. 

SOUTHERN DIVISION ATLANTA. GA- 

BOUTHWESTERN DIVISION KANSAS CITY. MO. 

SUNBEAM DIVISION NEW YORK, N. Y. 

SUNBEAM DIVISION . CHICAGO, ILL. 



AT EACH OF THESE OFFICES A LIGHTING 
ENGINEER IS AT YOUR SERVICE 
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Engineering Department 

National Lamp Works 

#OF GENERAL ELECTRIC CO. 
NEUPARK, CLEVELAND 



